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PSK fumnaszdumdsvesdyanansiviumaimhesiiuvesinfanaassduiea  veaszuy
QAM fio
Pe) = (log, L)' (L-1/L)erfc(z) (2-12)
efez) = HsunnuAanmaiiaiudhWaysal
z = V{(E, log, LYN)}L-1)
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FSK o aAnuanviziiuvesnnufanaiauuy Selasda ESK fe
Pe) = exp(-E,/2N,)2 (2-14)

annuiesiiuvewnuAanaiann Tadidur FSK fe
Pe) = erfc N(E/N,) (2-15)
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Fefmuavey wamnanFalasifa ESK wihmdsiuas dasanumumiu fdidnaedygasuniu

L
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malszgndlfaou uuudSaeanegian
. i . .
myveg@an veunsouaziuly PSK, FSK, QAM fimsuszgnd ldamunnunsdusiannsely

Adnpauequan fumsdeaisvesszuy Ing Tulasd uezszuueadion Afianndadumnd nn
a ‘A a [y = s o 4 4 a t -
wnng F5nou dednudm Talddyanaudowaz dygnadeyatuadunninawanudszniig 300 §in

e 3,000 Fin



S A

3

]

o

-~

TR e w W w e

- B

ar

T T T O TR T Mere v www wewvew® g R0 W T e

e -

o m  pere

12

2.5 Phase Lock Loop
ad a o o P - Y a
Phase Lock Loop (PLL) 1ﬂuamnmaunawaﬂ1 %Q?ﬂﬁ‘liﬂﬂ’mf]ﬂﬂﬂﬂ‘ﬁﬁlalﬂaﬁﬁﬂﬁﬂﬂ’ﬂu

d a 2 ¢o a Y gy 4 - a /s 1 " o
adon wieddruaudvesdygafidwn WemavesnnudnnesaFaamefildou urarhdygnai
LY P - 3 & ) o a1 a dy -} ¥ a ¢ a
$hnamuinlaeuly @niymnamafmameslinuiuiunioanas muguliosadamnesnaan i
. v » ’ ]

#l¥ase uardonfudygnadfidhn duiu Thamumivildnnmadmames luauquesadaames 39
Shiftafsuvsinnuivesdyyafidun oisu mndygnafiduniiiu FM (Frequency Modulation)

udadinni ldnnafmamesiy LPF (Low Pass Filten) sziffudyanaiigniiin1s Demodulated

] v

TTGE
Tuilegiu Aemsiannmednusineudnmesildes PLL idudeumunsofiszussyey

=3 < o g = 1 el @ ° ] as
W 18.3. 180 q fissdaufer Weldnuiiivedegnsainmouenlufdl ldie azanuaslsenia

vawydsems

2.5.1 Hanmsves PLL
o - 47 Y -3 [ < v [l o o [l ar
wannAsIiBeAuYes PLL AIRInsTuunsteundy dvdsznoudisdiudify 3 adu éa

uﬁan‘lwazunsu’iu;ﬂﬁ Phase Detector, Low Pass Filter {182 Voltage control Oscillator

Ve(t)
Vs (t) —>| Phase Detector » Low Pass Filter Vd (t)
fs vy
Volt)
fo
VCO e

= g

s 2.7 vdenlaszunsuvesises PLL
tuvasi hifdyarailowdhun vd szohfugud waz veo  wzm@annutuuuiiSend

1 @ & - : 1 o o i
Freerunning Wiy fo iiiefidumn vs feuduniinnudnhdy 5 2esmaAmamesiihmiinSey
Frummmeanivesdyanafidunfudyognuit veo & & uaz fo uandnduerlf Ve (Eror
Voliage) Mnieninvesra@mawesim LPF fu va Tudh veo duamud fo Womdu £ uax
4 " w da o a a2 ¢ ¢ - ¢ ¢ & 1w
i fo Ay f5 Apammzdenvieded wrhmnnmla@maned Ve sxdfugud waz vd Al
AUGRIY .
A Ao Ao L a o o ] A o 8 @ o

TwiSeewee PLL Tsfidndrleduauniuiiss A1l Lock Range NUA171 Capture Range

<2 a t L9 o dv
FIUANVHUWUANANNU AU



- R e - — R Mwm e e e T TEE Tl T p—

—

W o om o rEeer

B I

o

1%

Lock Range Muigie S1uamwaiilnditesfy fo §1 PLL Faunsadenfuddanudidhin M
‘989 Lock Range szannudesannsuioianudues PLL anaq

Capture Range MN10D4 Vinnuouandnlndfesiu fo # PLL Suenfudynaiidhn
#UB4 Caprure Range MBgAUNUUAIATYBY LPF fpszasnsmauumalanun wazTauvlnd Capture
Range sefifnioundl Lock Range

o111 198191 Lock Range uay Capture Range o apsfinsangungli 2.7 Faueaa
ﬁmmﬁ'nym:sxwhqmmﬁﬁu Error Voltage 493 PLL 6331/

ninduunweagii 27 muudi Fyanadfiduniinnudnes q wWhowld vndiligs asu
usnozéelaiflesIsifadu uos Vv whiugud sunseiammdvedygraidun & Jaiuenudda
qAvBY Capture Range 1¥ PLL Gudeafy fs woz vd fidufuay ey veo W fo wifiu
fs ualufiSsaundd & wasulUSes q Fasiliswes va iluamlevas

sunszib fs = fo 1 v piAugud vimiu va sedudhiuan KazAduEsY 1 sunsEi
fs = 2 Fudunufigagaves Lock Range seviiliuganisdenuas vd ohiugud

Tunandufn $1 & wasungeannd WAnsengli 2 dawen PLL szSudonide
fs = 13 Failur1geaAves Caprre Range M Vd Sanduuaniufide fs annw fs=fo ae'ld
vd wfugudidafimudiuaunniudes  sunszie & = @ Guflusdigauns Lock Range wzih 1
fs MgAsINMsAeBnYeY PLL Waz Vd ndudhiguddnads Eisaasyl1dh

Lock Range = f2-f4

Canture Range = f3 + fl

fl
vd Frequency
fo0 f2.
| Look Ranga
€ >l
Capture Range
f4
vd " Frequency
fo f£3

sUfi 2.8 AUANYULIEMINANOAY Emor Voltage ¥83 PLL
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2.5.2 marmsesvadenglflinu
a s o s [ o o I v & o s A $ o &
@ msduasiedanud dedumslfrsmadengudnedmiainuveshe ¥dunsizv
4 o o < o ' [
(Frequency synthesizer) 2esiies Wdnanaeentinnuigudenlaitum q 1 (Discrete) 190 @en’ld
v v
1 o o [ o
seMs1e 2.0 MHz 89 3.0 MHz Sudu q (Steps) Yunz 0.1 MHz Wudu ndnmsvesnesine ms
Qmmmﬁmmgme’hmauﬁmawﬁn N fidonld 19U quanunasgn 0.1 MHz Awvdiuau
H ] [ ar %t d [ H
dy N Fidensldsenie 20 0 30 esdunszdanddldinadengluanceyluglfi 29 iy
' 4 o o a o o :
1841 msunspeesmianyadhly  sevszdumsdenanud /N dfuautnasu Al
1

489 VCO iy £, = Nf mufineams

BUFFER
fi_ [ PHASE < ee "® fo=Nf
DETECTOR : 2 ’
: 4
DIVIDER 7
fo/N FREQUENCY  |e
fo/N

4 o ot d
s 29 nesdunnedanuanldvadeng

Tuvhusandondety fidyanaeenvos veo Hans Tufinagaaninn meiunminasgy
vt £ IaseiuerdTudindi m vesdyanuon Vo dufle £ = mf, anmmsdoniiets Tuiinau
i ssilfidamudndnyaves veo vy £, = f/m savsadengUimihfiduasesmsanid
Bdpamadsuninidnnsnnaspudmicldndes wu sn £ g+ 1, msldmada
msmay  Mixing) 2l ldmardn sz £ fisdamsnsououmnnud £+ £, Blavsannni

. i 4w
£, - oonlezirldon Semasldenmadiongd Aulugdft 2.0 Fesibihiillgmlumsanses

fo + fi f1
fo-fi fo -fi
fi PHASE
i, wvmxer .
LPF DETECTOR LPF
BUFFER

OUTPUT /‘
- vCo
fo=fi+fi \l
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PCM (Puise Code Modulation)
o w = A =) = Ad o P 'd -
@) MIaTdudyaint (Detection) n3pesidenanudlunstindyanalonysznound
4 =t = 11 o o Y ia
waennwaLazdsamsidendluifisinnutifes i 18 Tasldesladengy TasSuanuddass i
a ad o § g o [y 4 :
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o & o o o ¥ ¢
wonsuedun Siuileileldalumseiadsasuniuie measnduuuy1agisud (Coherent detec-
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2.5.3 dsdnazdedavssrsnsinadengy
o aY A ° o 9 t & 1. A o a 1
nusladenguiidenarsdszmsdmiumsifauuedn dhilesduiisziiouo
v o [} o’: -] 7
poalsia lumisnurwediniufeisldnesnsesivuuead @O viensd RC) unuld Jed
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o 5 - d o i 1 '
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. ¥ . X
dauanestszuranaeidiuresasesluanivssihanlatndissna 100 MHz
Y ;
2. SnNUABNATT (Selectivity) tazanud lifuasnu nanfe anudnandmualasanu
4;4: ] o - 4’ tar  ar ] ; ¢ ey =t A
A8aszue VCO diuswsmsifenass Iusgiudnyuzyesnssiium 3 hililyminsiSeaniu

(Alignment) DHWITU NIT@ABAANUINAL q WY

a

L4 a9 -} s 4'! 8 & 4‘
3. pansensumousn NesUszuanaiioovsadsuaauldie Taem luanuddassyes
o @ A =) [ é a n!'l yo’: 1 ; U <
vco fmualas C duRsmse C fu R desdSundulddumadindl kHz f4 100 MHz
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2.6 MInegENdyanAdInea

msdadygualaea wu dygna PcM Tasaduing luTasindduiufivedoudaou
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a1
a a d(ay . . -
1. uswlaya¥NAIDY (Amplitude Shift Keying : ASK)
t4

2. WiAuEsWAIDa (Frequency Shift Keying : FSK)

3. (Wa¥nABeA (Phase Shift Keying : PSK)

Tunitlisnznanusimmenstivesiema (PSK) As uesldgauazanudezaiiiud duiliua

R 1 @ o o as = d =) A &4 o
(Initial phase) (Waszandudmsudya vt 1 3o 0 AoaueIRAUMIY Acos 27if, t+ G )
sifdoullmuaanzesdygna wu wa o i o asdidyonadionuzniu 1 wesa o S
o o o o ~ & a 1aa

x nsfidygalanuztu 0 Seafemauuuiiin luuSiadWAsen Binary Phase Shift Keying

. BPSK) #evziimsnldountauies 2 seeu

Acos 27ft nsdidyanani 1
S =
Acos (2Tt + O) ndiduaauiie o
! 0 0 1 0
oynnm
wanuug
£

SO AAALAMAN AR
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Tupsain "nuJ Tadimswaounlas 4 sedy Sond1 ateaRiueodMaTnABes (Quadri Phase

Shift Keying : QPSK) #usziigamanudalumidedoyaldgeniluuniiioms Tasaunsodsly

»

1 4
wdounuldnfiar 2 dn uasdrdeamsdidyguldaiios 3 dnnfen q iu @ = 8) wdenh

] a o (" o y =) v ° 9/ as 1Y v o t 4'41"
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&

1 » »
I#mwiz luusema Swesuvrasosluusfiemamniu @wisaz 1 on )

a = a (da ¢ J < J
ndnmsvedluniiadviadsueganesuazivegianes
Y y o P = o an g @ ~ Y oA s ¢
NAU Tuegiameidulasudyguataoailiudygnuiomn mewnuiulituusmaranes

I'd Y i as o ar o v a
and Pass Filter) uaz Faaznla W WAN Ausaames
(Band Pass Filter) uazdusaiames dazndsudygrafionaiiudygufiseaduidy fueqim

v
Ysenoudie Amawmesiazuauilaleames (Sample holder)
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v
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MODULATOR [—( _<>}— BPF : DETECTOR [ S
|
L

CARRIER CLOCK PULSE
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JUn 213 MIfy - dedyguATaea

Taonaludr  msvequandiema  sxl¥inamduogiames (Balance modulator) AUNAD
@ oo g 1 A a = = a - o @ a ] a 1
youdtaoaauuusey lugladudmasy Jusuldgavidy 1 dwsusia 1 uazluew/dgani

° Y o 4 A o & :Iv 4 g o 1 o 1.4
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S(t) = 1x Acos2Tlft = Acos2Tift

1 o <t

dndyyafiemadmiunta o sy

o

S() = -1 x Acos2TUft = -Acos2TUft

510U
lAcosZTCfct = -Acos2TUft + T0)
s dy 1 o a LY "‘4 a o Vl Y & o 8/ ar
AMUUANMITUUAAIN @I IuINa 0 Mmmﬂauumiummﬂatm ﬂmmu TC qm:mu'lﬂ‘m

wu aelugdn 215

S(t) = 1xAcos2TTf t
3 » t
= Acos2TUf t \/ \/ \/
S = 1xAcos2TiL /\ /\ /\
= -Acos2Ttf t . t
= Acos(2TTft + TT)

4 a &
s 2.15 manffoulasmadavesndurnd
Jd J Y o o 2 o 'y = o

uuuswaRamesmed s udygna Fadidoesuniutuegaiy wgnamasenuIia - uegi
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wed Amamodrzidyasuaiuuseen  lasdaunGeinenlniug deswegludyguiiean

o ¢ ' 4 4 A sa A o v o
pon'ly Fuonaanvudes Widugdamdeuficuysatin lesnnmsfmuaiouanuninlagdanges

] . ¥ 1

awd  wazidosnneninaveudossuauuvudaleame; sradudygruataearuduning Hiu
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msfnsanTwasA (Polarity) 1InMTeALYEIdRARIUANLLUA
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ﬂﬂﬂ']]llqlﬂ"] ﬁzrﬂu lﬂi't]s!‘Hll'lU‘ﬂ‘UﬂﬂclHlﬂiiN'ﬂi'I‘U’J'l‘hJGl't)Qﬂ'lﬂ'liﬂi:ll'lﬁﬂfﬂﬂ"] ABATI UIDVDANUNDY

Y 2. p v 4 “”“"‘ﬁ “ . a .2 .
. vdunToanueil Jaglsrasdveams Iansesmnoelinmeums®ousetuiolusunsulusids vesusaia

st °

» > b
I odie q Tfis 1@ou'ld fail dumsideunnusveusuesfetunsumsrinoyes Tusunsy niedfieih

Tusunsu T8 d lededa Tusunsuis udoudu

' n5l¥ MATLAB wenaoansin

o o [ _:'\ a P 4 °
ms I¥nsmldudivedatalumsuaauazlsdiuvanindayai 1ds s Fagtuulumsh

E wueivarwginawdnuay IdinuiswaziBeadiine

: -yl XY

; _asiFedn (Polar)

E - asmanazns iUt la '

- 15 3 U@ 3D)

. - n3tdu TRs4579 (Contour)

¢ sl X-Y

A0

fidalums ldaudail

title (‘text) fdatlFdsuadeusang v
) ¥ e

xlabel (‘text) mdaildEdudennuldldunu x
» v

ylabel (‘text) fdail ldioudennylauau y

9 !

< ° a’ YVa 1 4 a9
text (x,y, text) el Hdoudennuld o 20 (x,y,) NADINT

Ll b R L T T p—

o @ Y Y y : v
text (x,y, text, 'sc)  mdail foudenny’ld w18 (xy,) Hideams Tasd

-

i 19 (0,0) gAY UazgA (1,1) BEAIUVUYN
N .y , v v
gtext (‘text)) mdaifilddoudeninuld a SafildundinSeldgoass
1 14 )
grid fdaflozmudunsaldiunsl
o & g v s

plot (x,y) firdail 1fiewanant x tag y asuuni
semilogx (x.y) frdafi Iionnoaa x uaz y aswunsv Tasld

ananvvaeamInuluuny x uazamauvusssuaily

Tortrmm e ETH VN W W m e rr swmn
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semilogy (X,y)

loglog (x.y)
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I3 =tq 9 A 0 [Y]
fdeiiidmonasant x uag y avuuns i laslsamnanuy
apnm3nulunnu y uasananvusssua luunu x

fdail Miienaoan x taz y asuuns i Taeld ainauuvasnmisfiulu

UNU x Uag UNU y

e e w e rwwrm gwoT® mr

dafung AsldinTeamnne .. dendadide iNennusaiiivaneuft MATLAB seyiimsnasans1y

M311e Window
o w 1 ' [ . o
1971d3 ‘subplot’” @15 0MLY windows IMueuaslI&ilunate q Subwindow igtliuuvesdida
A - o = . v . = 8 2
A9 subplot (mmp) Tag%a1 m uaz n ﬂ:xﬁumnaﬂm Graph Window ﬂzqmmuflu Subwindow 1AgRidUn3
AY1IA m x n uag p sziiudveniieiins g ilagiiudiegiu subwindow T Tavsmiunindellynuas

PAVUAEI IBY

T e B WY ¥y ww e wo®

AT N @R EL) e o

o

o A

[ R —

subplot (211), plot (X,Y)

k4 1
92119 Graph Window iU 2 @ swuaneuuay 1 dausmnndauaznsmgliegiuszedn

' - v oAy
AIUN 1 HUADYINUU

msuyemna

211

212

. b 4
fau91 MATLAB szutvatnalinsiminasasg1aon Tula uaueasididesmsSosufisuns

« ¥
@ 1w

@ F mw e dwom . w7

-
.

wdodu swzdumsenfivsSoufoudy dranaveunulimilousu MATLAB Safimidasodail

i 4

~ 0 q ¥ - v Hq 9 i Iy o o
u%zvn114ﬂi-]N'szwaﬂﬂﬁ‘]nn‘]Tﬁfﬂ‘lﬂa\iﬂlﬂaﬂi‘ﬁﬂgﬂauuﬂqa({ HADINTTNIEN

axis MM

¥
|3 s Y

v v
daiionasvesndugainade Tudda

axis (v) Humsfimuasivonulag V = [Xmin, Xmax,Ymin,Ymax] fi® fiMuasisuau
YBIUNU x MAANIYBNY x AUTUAUVBWNU y UAZAIGANILYOINU y A1

SR}
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¥

o 3 Lo ) o @ AR Y A o -] yﬂ
axis (‘square’) axis (‘normal’)  Midaiilfifefimun Aspect Ratio daensalviu

< 3 =) ¢ 3
square Y30 normal

Fast Fourier Transform

] d A a o ° a a & .
YAIMINYVOA fft Afsaanmmsiuvenouiansiad TavlddeAveamsinnudinszand
[ v 4
g4 DET fimmsansainldludnymsdn (terative Manner) Aoty Sagavaanmlumsdnnm 33msvea fi

A5 mItautudaiimIfuas (Divide and Conguer) tazazinudoya N dus 2 snhida MEN-2M)

T M dusmuduuan
AufSvuifisumsdiuan DFT 9zl
mIguiwudidou = N? a1 wiensudeu = oY)
M UINIIUETRY = NON-1) A%e wieamududen = ONQN-1))
Tuvaefimssanuuy fe osd
msgasmudideou =N ade uionuFudon = O(Nlog2(N))
M5 UINTINIUIFFOU = Niog,N A%1 M3pauFUTOU = ONIog,N)
«* fuasisazPeaed fi TN309 1A9INA15IA Signal Processing

y
Ftuerldn msld i szaamsfiuaaas 185 Factor 1082 N

3 N
' =1 1 =1 o
SN Saannfssinadeszoznanldiumsdunald

MsfuIn fit 1 MATLAB

MATLAB T#eridu f& fimunsainnidlumsfnnnldios uasiipluuy Ao

Jday J

« &
sy By = ffi(x)

7 o
x fio Input Argument uazxflunmﬂasﬁtmugﬂ tgfywtuh Time Domain

] !
Aegt

y fio Output Argument saziHunnmes ety filla Complex funuia Frequency Domain

Content ¥94d Y td Input

° 1 o . . o 1 s & - .
#dnauavesdyanst iy Time Domain Wusenid 2 MATLAB 1¥ fft Algorithm Tums

A

#iunaarveadayaa i Time Domain Tiiffushontids 2 MATLAB 14 DFT Algorithm Tums

AUt
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B o e m N el apmth e mes mywm e P wewr mAwwm s e T ST

—T e

. LT N

e T e vwer#h  wx Tw W e @ T wwwr v m n

e

WYY 2 813N HA
sUuuy fie y = ffix,L)

x fiD Input Argument uazxﬂunnma{ﬁtmuqe\ "tyiymh Time Domain
A ° d a4 4 o 3 .. & 7 I
L 19 Input Argument Lf]ummuquuﬁmmmmuwammnnmasLm'm*g'n
) . et P = .
y fio Output Argument wazihunniaesnm Complex NUINUNA Frequency Domain Con-
tent YOIAQYY I Input L A
Y 1 oo v o & 3 . °
811 L finutlunioniide 2 MATLAB 14 fft Algorithm Tumisfuam

de1 L e lidlusonfids 2 MATLAB 19 DFT Algorithm lumsdinnm

Filter
) & A o - wa .l Y o aay ' ) -
Filter fio 3pInsosdyanm Nguauiane veulidyanuniwindesnsriuldidiazesda
act dan vy a Y
ﬂ'JJillﬂillYlIJﬂ'ﬂllﬂﬂ'llmaQﬂ'ﬁﬂﬂﬂ mmsmwnwmsm"lmﬂu 2 321U
1. Analog Filter

2. Digital Filter

ANNTAUNUIZY Filter 18A205311 Two-port Network ddagi]

— ] _—.
N7 Filter
vi(s) T(s) v,(s)
— ]
Tay T(s) = Transfer Function Y93 Analon Filter
T(z) = Trander Function Y93 Digital Filter
s = j27f = j®
z = jomf =é°"
f = A0 [Hz] , T = Sampling Time

y ~
weneIMiu Filter utiuiiu 2 Uszinnudy Ssemsouigesas i 1d8naudnyne Tranfer Func-
. a =)
tion YBIUU AD
- Low-pass Filter (LPF)
- High-pass Filter (HPF)

- Band-pass Filter (BPF)
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- Low-stop Filter (LSF)

FAATUULIENANYULYOL Tranfer Function A1 q gy

AT AITI
LPF
t ——— ——HPE
—
wp }w wp w
k_passband —)1(— stopband l(_.stopband —7‘|(——- passband
AITI AITI
BPF BSF
tf | i
- -
Lower I(——Upper (Lower swp—;{(—— Upper
stopband passbandT stopband passband 4 band T passband
wpl wp2 wsl ws2
AumNIAYeY Filter

fdauiiuaasiiguansAves Filer fait
- Cutoff Frequency
- Passband
- Stopband
- Transition band

- Ripple
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Ko

Analog filter Transfer Function

o

vy - 4 a’
f'ﬂll'liﬂlmu'lﬂﬂ'wﬁuﬂ'l'iﬂ'lﬂﬂﬁlﬂﬁ'l'dﬂi JU

N(z)  NgS"+N;S"'+N,8"* +..+N,
D(s)  DS"+D,S" +D,S"?+..+D,

T(s)

** @1 n (AN3) 10U (D(s)) 1:1UFI1BNAI Order Y84 Filter

Digital. filter Transfer Function

14

musaunulddwaumsnuadiamans Al

N(z) ~ Ng+N,Z'+N,Z?+..+N Z"
D(z)  Dy+D,Z2'+D,Z%+.+D 2"

T(z)

ms1981da MATLAB M _Filter figtuny Al
Ts = ferqs(D,N,W)

“lq’f'sﬁaﬂ"mmmm Franfer Function T(s) (Analog Filter)

M3s00nuuY Filter 1aaly MATLAB

a

Y ot ° ) ]
MATLAB 1@9% Function Nemansmiunldlumsesauyy Fiter va1e 9 uvy Sasasuyvuiod

Aaauianiuenaaiy u udswennuanlumsnsesdyana anunsuonvesdanal Ripple) FanT0

' J v 4
utng1 q 14 Ae

1. LU Chebyshev ﬂfﬁﬂ‘?; 1 @ Ripple 1u Passband)

2. WU Chebyshev ¥ilafi 2 (ii Ripple T4 Stopband)

3. 1111 Butterworth (f! Stopband liae Passband ﬁﬁau‘?iqﬂ)
4. Uy Elliptic (ﬁ Ripple V.l’:ﬂu Passband (1a¢ Stopband )
fgtuuumdalumsFnuannlszianves Filer fail
Low-pass Filter

[N,D] = cheby 1 (M,P,wn}

[N,D] = cheby 2 (M,s,wn)
[N,D} = butter (M,wn)
[N,D] = ellip (M,P,s,wn)
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Tas N filo namesBMIYMAMUBIA TSz EnS luaums Ind Tudlvaveumlu T@)
& e Ié 4' < T o - a’ -t ) 1
D fp pamesipMwnAtnudsmdulssansluaums IndTudisavesdulu T
] b 4
P fio M Ripple fAavuly Pass-band [dB]
I ' . a4 a 4”
s fis M1 Ripple MAa¥u U Stop-band [dB]
M fio Order 101 Filter
wn fio Normalized Cut-off Frequency

High-pass Filter
figuyumilon Low-pass Filter nnateondulfidudid ‘high’ dovhoaqly 1w

[N,D] = chebyl(M,P,wn, high)

Band-pass Filter
figduvumilou Low-pass Filter §n0E14

9 ) = . = P & @
9n1UAY wn 321U Normalized Cut-off Frequency mﬂunﬂmai*nu 2 Elements IN9UDNDIYIU

3 i d
494 Pass-band (YRITULASTAUTAVOILIN)

Band-Stop Filter
figuuumiiou Low-pass Filter 090N

9 v o R o g edat & &£
gnAIUA wn 9911U Normalized Cut-off Frequency MUI3N#035NN 2 Elements iNoUDND6Y

[ ¥
V94 Stop-band (JAITUALAUTAVDIEIU)
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UNN 3 NITPBNUVUIINT

3.1 NMIBOAULLINNINATY
3.1.1 11599AUVVT DPSK Modulator
o ° aa 7 o o~ 1 : o
Fyyuatesawauuuddmiumsadidoyaiu mmsnemfondsnia (encode) ldnaw
1Jizmﬂ‘ﬁua{jﬁﬂﬂﬂ:JMLlWﬁWN‘ﬁﬂﬁﬂjﬂgmmmmmsn*ummﬂi"uﬁmuwnﬂzfj'ﬁmununmmﬁm
as Y A t A ¥ as 4 WV ) [ as o
(clock) Mndyansuvanuus ldnsell wioonwdinimioud lvmsadumavedyganmg
o A o ' d0q¥Ya o A Ao R o
Suiiloaninms dadayaariu s Widamsnduile Tuntisznatidygna hinduguduuy
o " 2 oy a v ¥ o
£ (Non retum to zero-level : NRZ-L) miniu nazlulasanuildidenlsmsmnsdeaiuy NRZ-1
(Non return to zoro-invert) [etlosfumsndumaiininiy ndnmsvesmsidsauuy NRz-1 fio
¥ o . o & v Y o @ v o
M3 19/50useAy (ransition) voednaniiudeyaunumslaszavussdunnudoyn Taodygu
[ e o o oo a =} [ a ({91} & a £y ar :1"‘-
Buiymezfounlasrduynasindoyasuyniissduasin . "1 FUSEAMSINITIHAULLUN
o " w o s a Yo Y o =
Foyana lindugudnuuania (Non retum to zero-mark : NRZ-M ) n3oszIndnnpnauonivpnidaou
L 4 . ] b d
ulasszauynaSfndygIuduMIsALanIn “ 07 FauSvnmsdhsfauuviindyana lindy

ﬁuﬂ'uuuumﬂqs (Non return to zero-space : NRZ-S)



L L

~ ke s e fomww

-

[ S e .

e

o Bt o e B

e Rt

e e

+V
NRZ-L

NRZ- *Vv
M -V

+V

NRZ-S

Unicolar TV
AZ -v

+ Vi

Sicolar
0

Az
-v
+v

RZ-AM0
-y

+v
Zid-L
-y

Zi- M

Bi-3

+V
Delay

modulationV

+V

Di codeg
_-NRZ

-V
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3 + V|
Jicode

3z O

-V

T

0

T 2T 3T 4T 5T 6T 7T 8T 9T 10T

3U% 3.1 uaasdyoins NRZ NRZ-M,NRZ-S
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3.1.1.1 390315 Hadyanas NRZ/NRZ-I

dmivaungiineudsvadyonauauuuden NRZ fu NRZ1 w3 Differential encoder Sufi
rioflaafumsduaumante (Phase ambiguity) Fadfurasinmsfindurnninniees §dyyiuAann
cos @t 1u -cos @t waswhldmsaveganialinnanudusidmarmmsdadoyadsdyga
NRZ1 uadmiaisimsidns Weniuy NRZ-I c’x’?ﬂ%’msLﬂéaui:ﬁuumﬁmiywmlmumsda 0438 1 szanso
udtlamuiiesninmsdummantal® dmumsidhsta NRZ S NRZLnvy NRz-M uld2evsdenan
lugfi 3.2

11 3.2 2995115 NRZ/NRZ-M

“

$.1,1.2 290503190218 67.2 kHz

SMIUMIEBNULINSHAAANNE 672 Kz Wwftes WMTmsiadusamanuined Se19ms
Funszininnanuidrediiiatosamae e ldnns adaseadaiaAe THAARIIE 18.432 MHz
udninnms Iivde 4800 Hz 9ifuanudidrdadmsvasssiadongy dagud 33

-

67.2KHz

3U% 3.3 1o Block diagram ¥032993 a5 WAy 67.2 Kz



orpm ww Meow T e sow

S mr b e e wmmme i Dawusr wh om

P T prep—

awrr

A L I

TS T % W e o e am

o ey o e e

39

() 19330313n 100919949 4800 Hz

A o =
Lopax o)L [ A
P

<

38292
o
o

|

!

4013

HH

0 ]
A

Qio

Qi

Q1

JopF 30pF| Qe

4081

U7 3.5 namasesAwindnyaas 4800 Hz

1N 3.5 A8 18.432 MHz 9 nnTadasoadaminos vz 1w 10 uaza 11 vea

4 o wdg = Yy < <
193520 4060 FINMNNUTUNITMT 64 Faaz 1D 288 kHz MmN Q6 (11 4) 1nTiuee
FIUII95T 15 Fszneudin9nssin 4024 uazueusianinaunils Buiynesniivg Qs (w1 s

vos 4024) wdrinuiilhasms 4 Falszneudionsasinuvany 26 ¥ winmeenuuiiu

4800 Hz

‘ (v) Nosiadengiuaz vco
& o o SO gy a v & = o
nngln 3.6 Mnwsmcdmamesiuldifenldwsm 4046 FuduFGueamadongl
Yy o a 7 Y " . o a Yo o
niynveuriadimamaife PD, (11 13) Smaniin 14 (€, Tdmivnhifin 3 (veo vy fin
vy & e Y @ - = v o o Yy ¢
pD, wlidminmily 12 Toarl uasdmindygneiivg 14 Tilewdadyonadfin 13 Bwiymin
pD, az1illu 0 Toavl Faygrafidniymusaadmamesaziu i 295 TamaRawes Usznou

» ] 3
#u R = IKQ uaz C,=1uF dmium R uaz ¢ dflumfimunzauiiidvinmimaaes



luaiuveaes veo Mudenl$aassan XR-2206 thiinann e 67.2 kHz ANWRRITUBY

XR-2206 wutmualdninaunis

f= _o02r
C
4 o .
4o f: ATUONVT 2 ( sine wave) DT 11 (square wave )

]
=t U

I = nszuad vassnaina 7

C = MAITFRBINABIZTN IV 5 AL 6

+ ]
dl.l Yu

191 7 499 XR-2206 Wumsluiaveuiu ldTmssnuszduns sy (regulare) Winafi 137 3

¥ )
Qs a

o~ ¢ @ a $ d' u’:
lav AniuTsiiawenIuguanudues XR-2206 Afenaiununszie inaneninu 71fues 19

g ¥ g yda X
ﬂ‘i“I'I‘l"lfﬂ’JU'F]llﬂ'izuﬁﬂcl‘BﬂﬂO'Ni]ENaU’Jﬂ {(summing)

12V

|; AN
BN
9
—-3—VG¥ A?
oamed INH
i RiS3 AN~
IR =y Y
L
RS a?
'?m L Al SymiAdy feree
—d Worr SPmAY pmai—
=3 A il Mas Wady
— e Wady lzoo
by oo —ie
L a
Tres. B
] — —m T
- YIRS X2206 L
2 T = _._g -
A =
ax ¢t Q6
o o 2 ::g: Rer =12
hed _—g;»ﬁ 3
4093
2 == i
el
01?7

UM 3.6 uaaanesadunnnd 67.2 KHz



L L . .. o = S

. v s

- YmmwoTe m T

41

Y 13 Y
3.1.1.3 msaamm‘mwsnsaammﬁuuuﬂmaﬂama‘f

o a a o N 3/ . . et @ ar o
Fmfursmarawmesiaonlsians Multipie feedback order 2 1’111ﬂ15«i)ﬂ’)~1i15ﬂ~1§ﬂ1’l 3.7

——.0012uF 24 K

AN~ } -
12 K .0012uF

200 f+

4 s o
717 3.7 umansuuuewiatlanes

9 [ 1
#7119 Q WuAl Quality factor ¥932393
) :
®, Hluanudguina

< =
H 17 Gain ¥092993

o @ 0 ya
NN DI HITUYDIITHAAS 1AND

V,(8) = HOQS
Vi (S) S'H (O/Q)S + O,
®, NN’ (1 + 1)

RSB

1L+ 1) <f&+/£~_>

R, R, R V¢ Vg
H = -R,C

R, (C+C,)

dvsumsesauuuezfimuam Q, @, , H uazdmuam C,C, Taelic, = c, MR, R,

uaz R, Mldein
R, = Q
|H| ®, C,
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Q

(2Q- H YO, C,

2Q

®, C,

ANNENABIMSAD 672 kHz Amuadasimsvoisiinnudguinatdisiify 1 dmsy
o

T ' ia o . o o
nnaveuusInnes ldiiviamnnnd 2 mhvewmdinsnesdyanauuauiudanium Q

<2 9 ¥ 1 = ERl a8 t I o
VBINVTWWADIUDYNI T 11«lﬂ"li"t)‘0ﬂll'lﬂ]lﬁ'ﬂﬂ1ﬂﬂ'l Q U¥MIANINY 6 TﬂU‘Ulﬂﬂ‘Uﬂ\lllUUﬂ'Jﬂﬂi}:‘,

Uszinaumdy 112 kHz swnudmumuuazmanhduaugvoaises ldnnaumsdisuu

3.1.1.4 219930509ANNDMININ (Low-Pass Filter ; LPF)

R1
400
Vi

@159 3.1 Unscale Capacitor Values

71N 3.8 1AINTBDIANNARIHIY

Type of two-poie LPF C C",F C",F
Bessel 0.8659 0.9056 0.6799
Butterworth 0.7072 1.414 0.7071
Chebyshev ( 0.1 -dB peak) 0.6561 1.638 0.6955
Chebyshev ( 0.25 -dB peak) 0.6179 1.778 0.6789
Chebyshev ( 0.5 -dB peak) 0.5789 1.949 0.6533
Chebyshev ( 1 -dB peak) 0.5228 2.218 0.6061
Chebyshev ( 2 -dB peak) 0.4431 2.672 0.5246
Chebyshev ( 3 -dB peak) 0.3833 3.103 0.4558
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3500 NUUVIWINTDINNNDA WY
1. 1A9AAIND Cut Off = 12 kHz

2. 9115 NABN1Y Chebyshev ( 3 - dB peak ) 1R

=03833 ,C"F =5103 .C ,F =04558

3. Al
¢, = C = 3103 —4115X 10°F
anf. 2T X12 X 10°
gt =—c= = 04558 = 6.045 X10"F
mf, MX 12X 10

[ 2 ¥ ¥ +
4. scale A1 R wolnlan C, = 0.1 yF laguaumeingas

C, = C,
R
6 5
0.1 X 10 = 4.115X 10
R

R, .R, fi9 Determines f. and C

C,GC, Ao Final values for capacitors after volt impedance and frequency,Determines f,

C”l, C”z 10 Tntermediate values for C, and C, after frequency scaling

f, fi9 Cut off frequency

(; fio Damping factor

foiusezdenldi R=400Q C,=01pF  C,=I15pF

NeTMUTAND AR

I .

ot ¢ . a9 o 'ﬂ a4 oA o
WIITVIUFANDYLALADT ( Balance Demodulator ) W1‘ﬁ1u9‘|ﬂ5'ﬂu SILUNITNNUOUNU

Houynilszms funseseafidsaesdyanu uadiuasaiiv 10 uazv 1 Yp42905ANBRIAIADT 9 U

s

Apsanfufivt 1 vsvnesavenamesey 8T udygyiu DPSK dauv 10 vxiudyanundumivuas
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@

nsAueATyYIY N Inphase 1182 Quadranturg Phase TAua fudayiuniInznInievsfdyaiu

v o { ¢ s »
WTHST?IUGWQ ( Sine Wave) Qﬂ.lﬂUﬂiUui’g'lﬁlUﬂﬂlﬂﬂﬁ?ﬂ‘ﬂiﬂ?ﬂ?u‘ﬁu%ﬂlﬁlﬂﬂ? Inphase llasqyUIY

L7}

WIMERINNesABUHE 90 3 HUAUFYYIUNBYPEANTINTUIATUF AU Quadranture Phase

0 IuF

@

A/
10K = 120K

71 3.9 WestamTAuegiaAes
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3.2 ﬂ]iaﬂﬂllﬂﬂ')qqﬁﬂ]ﬂ%’u
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1 4
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1

L&

Ui 312 waenstsqudyanauaaunifudyy s PSK

3.2.8 ams%uﬁmsmmué’uﬁ (interated and dump)

2 Y oar Yy o [ o L4 gy o 1
DU N AU IVUBINHNVYDINITANU ﬂzxﬂuﬂmmummmmuﬂ NRZ-I uainaiuua

€

yezAamsdu Giten tlesvndyanmsunan Weld lddyane NRZI fnivounamaiule

s

pvhimssunsndyyalilugae 1 I eRnsanhidyarauanudesliszauiunivenlly

oo

Be o}

femla udnhinsdaduseaifidate figaana 1 on uazdeuiiwimsduiiinem dyanugneelyl

o o o w & a a - e 3 3 a a
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Y a o a a g o ¢ a ¢ a "o ¢
Jsznouads 2vsouilingn, Watrasy, BidansetadaINg HASNITATNIIANGY (syn pulse)
PSK inguSunmuesnsfedynna NRZ, fannneniynvednssgedygiuniy
wifudyye PSK Iaodyanaduwnilszlimsdu diten of laviuagiuuina SNR yoadggun

SunnvoeesAuegian PSK (SNR) Tasdygnauvauuusigndufinsmdaaadlugili 3.12 Full
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a A’ = . . . 1 a I'4 ] [
BTnUB12993BUNBI AIBUNINTY (inverting integrated) MINFUAWINTYYIMUTULUALARSYN

ﬂzgﬂ?&%ﬂiﬂﬂ syn pulse) ‘?Qﬁﬂgi’;ﬂﬂl syn pulse ﬂz"lé’fmmmiﬁﬁngmmmﬁm (clock reovery) dmsy
Y Ay a = o o 4 o o 1 o a Yy o
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16* 4800
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Ch1 Freq
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Chti Ampl
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“ZGRmdomDm
fHz0=[0 10 10 15 15 20 20 25 25 35 35 40 40 45 45 50 50 60 60 65 65 70 70 75 75 85 85 90 90 95 95 100 100 110};

an=[00_5.500.5.500.5.500:5.500.5.500.5.500.5 5005500k
subplot(211),plot(fHz0,m0);
; titte(Random Data');
J xlabel(‘time');
ylabel(voltage’);
grid
‘%Random Data
*Hz1=[02244668810101515171719 1921212323 2525303032323434363638 38 40 40 45 45 47);

m1={00.5.500.5.500.5.500.5.500.5.5005.500.55005.500.5 .500);
subplot(212),plot(fHz1,m1);
titlc(Random Data');

' xlabel(‘time’);

b ylabel(voltage’);

P e
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¢+ % clock 4800 Hz

] clear:

*

E +=0:.00000001:0.001; % time axis

' f ¢=4800; % frequency 4800 Hz
b y=square(2°pi*f_c*);

t

+ % plot clock signal
‘ subplot(211), plot(t.y),...

: title(‘clock 4800 Hz),...

i xlabel(‘time?),...
ylabel('amplitude’),...

i grid

]

i

i

i

3

§

§

i

i

§
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| %carrier signal 67.2kHz

i

{

N=64; %number of sample=2"m
fc=67200;;

T=1/(4*fc); Y%sample time
K=0:N-1;

freq=K*(1/(N*T));
f=sin(2*pi*fc*K*T);

F=tR(D); "

magF=abs(F);

%plot in time domain

subplot(211),plot(K.1),...
title('sine wave),...
xlabel('t),...
ylabelCAmplitude),...
axis{[0 60 -1 1]),grid

E %plot spectrum in frequency domain

T oot W e e - g e ity J—

-

-

subplot(212),stem((freq(1;:N/2)),magF(1:N/2)),hold,...
stem((-freq(1:N/2)),magF(1:N/2)),...

title('Spectrum of sine wave'),...
xlabel('f HZ),...
ylabel(Amplitude",...
text(350000,-3, '67.2,...
text(-100000,-3,-67.29,...

grid
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% if inphase -150mv modulate with carrier sine wave

% 67.2kHz
clear;
t = 0:0.000001:0.001;
f= 67200 ; %frequency 67.2kHz
w = 2%pi*f;

car = 150*sin{w*t); Yecarrier sinc wave

in = -150; %signal -150mv if data in is ‘0"

yl = in.*car;
IN = 150;
y2 =IN.*car;

%plot at inphase = -150mv
subplot(211),plot(t,y1),...
title('modulator inphase data is 1" 9,...
ylabel('Vrms (mv)"),...
xlabel(‘time(s)?),
axis([0 0.0001 -30000 30000]),grid, ...

%plot at inphase =150mv
subplot(212),plot(t,y2),...
title('modulator inphase data is "0" ),...
ylabel('Vrms (mv)),xlabel (time (5)Y),...
axis([0 0.0001 -30000 30000)), grid....

81
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% Low Pass Filter
fHz0 = [0 4200 4800 10000];
m0 =[{1100];
fs = 20000,
f0 = fHz0/(fs/2);
[bIIR,allR] = yulewalk(6,f0,m0);
fHz1 = linspace{0,10000,1000);
oml = 2*pi*fHzl;
z = exp(sqrt(-1)*oml/fs);
miIIR = abs(polyval(bIIR,z)./polyval(allR,2));
plot(fHz0,m0,fHz1,mIIR)



E

% Band Pass Filter

i

AWty v

R T UV

- A v

-

fHz=[0 40000 50000 84400 94400 140000);
m0={001100};

£5=280000;

O=1Hz/(fs/2),

[bIR,allR}= yulewalk(6,0,m0);
fHz1=linspace(0,140000,25000);
oml=2%pi*fHzl;

z=exp(sqrt(-1)*oml/fs);
mIIR=abs(polyval(bIIR,z)./polyval(allR,2));
plot(fHz,m0,fHz1,mIIR);
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f

+ % demodulatior if input was "0","1"
H clear; .
* t=0:0.00000001:0.0001;
€ f= 67200; % frequency 67.2kHz
v w=2mpitt,
cari = 150*sin(w*t); % carrier sine wave

sig0 = -150%cos(w*t); % input signal "0"
3 sigl = 150*cos(w*t); % input signal "1"
10 = cari.* sig0;

11 = cari.* sigl;

o aere

' % plot output demod "0"
. subplot (211),plot(t,10),...
title('demodulator inphase "0" ),...

»
i ylabel(Vrms (mv)?,...
;
xlabel(‘time (s)",...
e
i % plot output demod "1"
' subplot (212),plot(t,ID),...
; title('demodulator inphase "1" %,...
' ylabel('Vrms (mv)),...
]
:. xlabel(time (s)7,...
grid
¥
4
b
£
i
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Balanced Modulators/
Demodulators

These devices were désigned for use where the output voitage is a
product of an input voltage (signal) and a switching function (carrier). Typical
applications include suppressed carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, and chopper
applications. See Motorola Application Note AN531 for additional design

information.
" Excellent Carrier Suppression =65 dB typ @ 0.5 MHz
-50 dB typ @ 10 MHz

® Adjustable Gain and Signal Handling

b

¢ Balanced Inputs and Outputs

e High Common Mode Rejection —85 dB typical

*This device contains 8 active transistors.

Order this document by MC1496/D

MC1496, B

BALANCED
MODULATORS/DEMODULATORS

SEMICONDUCTOR
TECHNICAL DATA
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Figure 1. Suppressed
Carrier Output
Waveform

. - 4
Ig=500kHz, bs = 10kHz

Figure 2. Suppressed
Carrier Spectrum

Figure 3. Amplitude
Modulation Output
Waveform
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ORDBERING INFORMATION
Operating

Device Temperature Range Package
MC1496D SO-14
Ta = 0°C to +70°C
MC1496P Plastic DIP

MC1496BP | Ta ==40°C to +125°C| Plastic DIP

Figure 4. Amplitude-Modulation Spectrum
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MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted.)

MC1496, B

i Rating Symbol Value Unit
¥ Applied Voltage AV 30 Vde
¥ (V6-V8, V10 -V1,V12-V8, V12-V10, V8 ~ V4, 4
1 V8 - V1, V10 - V4, V6 - V10, V2 - V5, V3 = V5)
Differential Input Signal V8 -V10 +5.0 Vde
I , V4 -1 +5+I5R,)
Maximum Bias Current I5 10 mA
Thermal Resistance, Junction—to—Air RgJA 100 °CW
Plastic Dual In—Line Package
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg —65t0 +150 | °C

NOTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Vg = 12Vdc, V gg = -8.0 Vde, I5= 1.0 mAde, R, =3.9kQ, Re = 1.0k, TA = Tiow to Thigh.

fall input and output characteristics are single—ended, unless otherwise noted.)

Characteristic Fig. Note Symbol Min Typ Max Unit
.| 1Carrier Feedthrough 5 1 VerT pvms
' V¢ =60 mVims sine wave and fc =1.0kHz - 40 -
offset adjusted to zero fc =10 MHz - 140 -
V¢ = 300 mVpp square wave: mVrms
offset adjusted to zero fc=1.0kHz - 0.04 0.4
offset not adjusted fc =1.0kHz - 20 200
Carrier Suppression 5 2 Vcs d8
fg = 10 kHz, 300 mVims
fc = 500 kHz, 60 mVims sine wave 40 65 -
fc = 10 MHz, 60 mVims sine wave - 50 - k
Transadmittance Bandwidth (Magnitude) (R =50 Q) 8 8 BW34g MHz
Carrier Input Port, V¢ = 60 mVrms sine wave - 300 -
fg = 1.0 kHz, 300 mVrms sine wave
Signal Input Port, Vg = 300 mVrms sine wave - 80 -
' Vgl =0.5Vde
Signal Gain (V g = 100 mVmms, f = 1.0 kHz; |V¢|= 0.5 Vdc) 10 3 Ays 25 35 - VNV
¥
‘ Single—Ended Input Impedance, Signai Port, f = 5.0 MHz 6 -
Parallel Input Resistance fip - 200 - kQ2
Parallel Input Capacitance Cip - 2.0 - pF
Single—Ended Output Impedance, f = 10 MHz 6 -
Paralie Output Resistance fop - 40 - k2
. Paralle! Qutput Capacitance Coo - 5.0 - pF
' Input Bias Current 7 - pA
Pl oM+ M B+ 110 lbs - 12 4 o
i bS ~ __2 - 2 lbc - 12 30
Input Offset Current 7 - A
Bl hog =114 lioc = 18410 Ihos | - 07 | 7.0
koc | - 07 | 70
Average Temnperature Coefficient of Input Offset Current 7 - ITCjio | - 20 - nA/°C
' (Tp = ~55°C to +125°C)
" | Output Offset Current (16-19) - lloo | - 14 80 HA
Average Temperature Coefficient of Output Offset Current - ITCloo | - 80 - nA°C
(TA = =55°C to +125°C) -
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 4 cMV - 5.0 - Vpp
" | Common~-Mode Gain, Signal Port, fs =1.0kHz, [V ¢[=0.5Vdc - ACM - -85 - dB
E Common—Mode Quiescent Output Vottage (Pin 6 or Pin 9) 10 - Vout - 8.0 - Vpp
i Differantial Output Voltage Swing Capability 10 - Vout - 8.0 - Vpp
., 4 Power Supply Cument 16 +i12 7 6 lce - 20 4.0 mAdc
E, 114 IEE |, - 3.0 50
N DC Power Dissipation 7 5 Pp - 33 - mw

MOTOROLA ANALOG IC DEVICE DATA




MC1496, B

GENERAL OPERATING INFORMATION

C!arrier Feedthrough
¥ Carrier feedthrough is defined as the output voitage at
carrier frequency with only the carrier applied (signal
voltage = 0).
Carrier null is achieved by balancing the currents in the
d;ﬂ'erentlal amplifier by means of a bias trim potentiometer
(R1 of Figure 5).

Carrier Suppression

Carrier suppression is defined as the ratio of each
sideband output to carrier output for the carrier and signal
voltage levels specified.

Carrier suppression is very dependent on carrier input
level, as shown in Figure 22, A low value of the carrier does
not fully switch the upper switching devices, and results in
lower signal gain, hence lower carrier suppression. A higher
than optimum carrier level resuits in unnecessary device and
circuit carrier feedthrough, which again degenerates the
suppression figure. The MC1496 has been characterized
with a 60 mVrms sinewave carrier input signal. This level
6rovndes optimum carrier suppression at carrier frequencies
in the vicinity of 500 kHz, and is generally recommended for
balanced modulator applications.

Carrier feedthrough is independent of signal level, Vg.
Jhus carrier suppression can be maximized by operating
with large signal levels. However, a linear operating mode
ust be maintained in the signal-input transistor pair — or
harmonics of the modulating signal will be generated and
appear in the device output as spurious sidebands of the
suppressed carrier. This requirement places an upper limit on
;nput—ﬂgnal amplitude (see Figure 20). Note also that an
optimum carrier level is recommended in Figure 22 for good
carrier suppression and minimum spurious sideband
generation.

At higher frequencies circuit layout is very important in
order to minimize carrier feedthrough. Shielding may be
‘nécessary in order to prevent capacitive coupling between

the carrier input leads and the output leads.

Signal Gain and Maximum Input Level

Signal gain (single—ended) at low frequencies is defined
as the voltage gain,
' Vo RL

VS _ Vg TRg Zre K

1B(mA)

A constant dc potential is applled to the carrier input terminals
to fully switch two of the upper transistors “on” and two
transistors “off” (V¢ = 0.5 Vdc). This in effect forms a cascode
differential amplifier.
. Linear operation requires that the signal input be below a
~ critical value determined by Rg and the bias current I5.

< I5 REg (Volts peak)

; Note that in the test circuit of Figure 10, Vg corresponds to a
maximum value of 1.0 V peak.

where ry =

[
k Vs

¥ Common Mode Swing

*  The common—mode swing is the voltage which may be
applied to both bases of the signal differential amplifier,
without saturating the current sources or without saturating
the differential amplifier itself by swinging it into the upper

switching devices. This swing is variable depending on the
particular circuit and biasing conditions chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit package
should be calculated as the summation of the voltage—current
products at each port, i.e. assuming V12=V6, I5 =16 =12
and ignoring base current, Pp = 2 15 (V6 - V14) + [5)
V5 -~ V14 where subscripts refer to pin numbers.

Design Equations

The following is a partial list of design equations needed to
operate the circuit with other supply voitages and input
conditions.
A. Operating Current

The internal bias currents are set by the conditions at Pin 5.
Assume:

15=16=112,
Ig < < ¢ for all transistors
then :
V-—¢ where: R5 is the resistor between
RS= 5 —-500 Q Pin 5 and ground

¢ =0.75at Ta = +25°C
The MC1496 has been characterized for the condition
I5 = 1.0 mA and is the generally recommended value.

B. Common-Mode Quiescent Output Voltage
V6 =V12=V+-15 R
Biasing
The MC1496 requires three dc bias voltage levels which

must be set externally. Guidelines for setting up these three
levels include maintaining at least 2.0 V collector-base bias
on all transistors while not exceeding the voltages given in
the absolute maximum rating table;

30 Vde = [(V6, V12) - (V8, V10)] = 2 Vdc

30 Vde = [(V8, V10) - (V1, V4)] = 2.7 Vdc

30 Vde = [(V1, V4) - (V5)] = 2.7 Vdc
The foregoing conditions are based on the following
approximations:

V6 =V12,V8 =V10, V1 =V4
Bias currents flowing into Pins 1, 4, 8 and 10 are transistor

base currents and can normally be neglected if external bias
dividers are designed to carry 1.0 mA or more.

Transadmittance Bandwidth
Carrier transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:

io
Y21C = v, (signal)
Signal transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:
_ i (signal)

Y218 = v, (signal)

o=0

Ve = 0.5 Vdc, Vg =0

‘ MOTOROLA ANALOG IC DEVICE DATA
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Coupling and Bypass Capacitors
:Capacitors C1 and C2 (Figure 5) should be selected for a
reactance of less than 5.0 Q at the carrier frequency.

Oixtput Signal

jThe output signal is taken from Pins 6 and 12 either
baldnced or single~ended. Figure 11 shows the output levels
of each of the two output sidebands resulting from variations
i both the carrier and modulating signal inputs with a
s’%ngle—ended output connection.

Nefative Supply
* VEE should be de only. The insertion of an RF choke in
series with VEE can enhance the stability of the internal

current sources.

]

Ve
12 Vde

1.0k 1.0k

;
E Figure §. Carrier Rejection and Suppression
'

MC1486, B

Slgnal Port Stability

Under certain values of driving source impedance,
oscillation may occur. In this event, an RC suppression
network should be connected directly to each input using
short leads. This will reduce the Q of the source—{uned
circuits that cause the oscillation.

Signal Input
(Pins 1 and 4) © “g}’g

10 pF

A=

An alternate method for low—frequency applications is to
insert a 1.0 kQ resistor in series with the input (Pins 1, 4). In
this case input current drift may cause serious degradation of
carrier suppression.

TEST CIRCUITS

Figure 6. Input—Output Impedance

Re = 1.0k
05V gt 3
;+~:o—
14 —o———o +\,
= 1] mctags |6 <—Fout
Zing—m o4 12 Vo
14 5
6.8 k
—8.0Vde

NOTE: Shielding of input and output leads may be needed
to properly perform these tests.

Figure 8. Transconductance Bandwidth

Vee
1.0k LSS0k » 12Vdc
L ~ o 2
- . J. 22.0k
AL ) 10.01
armier $503 F
tnpat.~O.AuF 2503 50 1
Vet B *+Y
Vge o——e ~V,
Modulating 12
Si L
ignal Input 108
6.8k

" l =
T8t A 1.0 k 3R54a'
. O 0pF T 29 ' 93™
Carrier 0.14F| = g
L Tty a4
oS
Vs o% MC1496
Modulating p—O— ¥
Slgnallnputm'ig 513 51 14 ’ 5
50 k
2 t4d53 68k
R1 v- L
1 Carrier Null
~8.0 Vde
i VEE
Figure 7. Bias and Offset Currents
‘ Vce
E £ 12 Vde
‘ [ ]
Re=10k °
i 1.0k
" e 8 3 $20k
16
¢ 18, 10 | o=—4¢
¥ 1.0 Il Mci4ss |6 _19|°
4. 4 "°—12
3
E = 14 S
. t110 6.8k
E -
-8.0 Vde
R VEE
¥
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MC1496, B
TYPICAL CHARACTERISTICS (continued)

e P o,

' Typical characierisics were obzaired with dreuit shown in Figure 5. fg = 500 kHz (sire wave),
Ve = 60 mVims. fg = 1.0 kHz, Vg = 300 mVrms. TA = 25°C. unless othenvise noted.
Figure 15. Sideband and Signal Port Figure 16. Carrier Suppression
Transadmittances versus Frequency versus Temperature
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Figure 18, Carrier Suppression
Figure 17. Signai-Port Frequency Response versus Frequency
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' MC1496, B

Figure 21. Suppression of Carrier Harmonic

| Sidebands versus Carrier Frequency
] .
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Figure 22. Carrier Suppression versus
Carrier Input Level
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E OPERATIONS INFORMATION

?

TI'he MC 1496, a monalithic balanced moculator dircuit, is
shdwn in Figure 23.

This circuit consists of an upper quad citferential amglifier
civen by a stancdard citterential amplifier with oual current
soq"ces. The output collectors are cross—coupled so that
full~wave balanced muitiplication of the two input voltages
occurs. That is. the output signal is a constant fimes the
p'ocum of the two input signals.

Mathematical analysis of linear ac sicnal muttiplication
incicales that the outpit spectrum will consist of only the sum
ang cifference of the two input frecuencies. Thus, the device
may be usec as a balancec moculdter, coubly palancec mixer,
p-dcuct cetector. trecuency coubler, and other applications
‘eguiing these pa-ticular output signal charactesistics.

Jhe lower cifferential amplifier has its emitters conneclec
to‘the package pins so that an exiernal emitter resistance
may be usec. Also, extemnal load resistors are employed at
m? cevice output.

Signal Levels
The upper cuad cifferential amplifier may be operatec
gither in a linear or a saturatec moge. The lower cifferential
arﬁphﬁe' is operatec in a linear moce for most applications.
For low—level operation at both input ports, the output
signal wilt contain sum and citference frequency components
k

¥
i Figure 23. Circuit Schematic
_) *
oV,
f i S mo
l/r ‘\J ') | ) & Qutput
Camer 0 (- :—'h\__,_x Ao a7 I
Ll yul Ve ::; R T ,
3 {# l/ \l
3 A 1 l
D gnai \S s A
¢ dnput ie '_——g fa'g .
H Adiys
g ot - :
i as 3 <«
X }\" Pa {Pin numbars
. mi o g0 perGpackage)
b Vggte© *

and have an amplituce which is a function of the product ot
the input signal amplituces.

For high—evel operation at the carrier input po-'1 and linear
operation at the mogulating sicnal port, the output signal will
contain sum and difference f-ecuency components of the
meculating signal frequency ang the fundamental and ocd
hamonics of the carrier frecuency. The output amplituce will
be a constant times the moculating signal amplituce. Any
amplituce variations in the casrier signal will not appear in the
output.

The linear signal hancling capabilities of a differential
amplifier are well cefinec. With no emitter degeneration, the
maximum input voltage for linear operation is approximately
25 mV peak. Since the uppe- cifierential .ampiifier has its
emitters intemally connecteg, this voltace applies to the
carier input po1 for all concitions.

Since the lower cifferential amplifier has p'owsaons for an
extenal emitter “esistance, its linear signal hancling range
may be adjustec by the user. The maximumm input voltage for
linear operation may be approximatec from the following
expression:

V = {15} {Rg) volts peak.

This expression may be usec to compute the minimum

value of Rg for a given input voltage amplituce.

Figure 24. Typical Moduiator Circuit

10k 13% o i2Ves
I W r ‘Evr o *
; T T T AT R{TL R
4 51 T 27Re 10kP3qc% §3=(
Eact,, s ~i| Mclass
Vg ! ! T
Meduazig | T S
Lcw mké Wk I e L, Lo '
Lt 3
¥ T 23k ! ;!._l I ;
P (B gsak
S
Carmar Mull ®-30Vdc + -
VEE
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Figure 25, \oitage Gain and Output Frequencies

Qutput Signal Frequency(s)

Carrier Input Signal (V) Approximate Voitige Gain
E Low-level ¢ RL VC fi
1 ow-level cc KT M
i ARz + 2rg) \g )
)
High-level ¢ A f

i evel dc =

s Ao+ 2rg M
5 Loncoe i

ow-tevel ac ; C=M

272 K1} (R + 2ry)
£ q = e
‘ ~
) High-tevel 0697 Ay M0 £ f
evel ac - = CrtiM3fctmSicEiM. . - .

19 Ao+ 2q CEMSICETIM. 2CTIM

b
NOTES: 1. Low-ievet Modwatag S.gnal, Vs, assumea in atl cases. V¢ s Camer Incut Veitage.
E 2. When the culcul 593 seatains muhicte frequencies. the gan expressicn given s for the cutcut amcituce cf
eacn of the two ces r22 Sulzuls, I5 = fygand fg — s

% 3. Ail gamn expressicns are fzr a singte-enced cutput, Fer a ailferential cutgut cennectien, ruihciy each

expression by twe.
4.y = Loadresistance.
§. Rg = Em:tter resistance cetween Pns 2and 3.

6. 1o = Transistor ¢yna~ 5 amitter resistance. at 26°C;

r
8 e
b = igimA}
E 7. K = Boltzmann’s Cznstant, T = tercerature in gegrees Kewvm, § = e cnarge cn an eleclren.
. K,,—T = 28 mV at rcom temperature
i g

The cain from the moculating signal input port 16 the

ou{put is the MC1426 gain parameter which i‘\s most often of
inte-ost to the cesicner. This gain has sicnificance oniy when

the lower cifferential amplifier is ope-atec in a linear moce.

buj this incluces most applications of the cevice.”

As previously mentioneo. the uppe: cuad cifferential
amplifier may be operateg either in a linear or a saturated
mgee. Approximate gain expressions have been cevelopea
fof the MG 1496 for a low—evel moculating signal input and
1hé' following carrier input concitions:

1) Low—ievel cc
2} High~level cc
3) Low-level ac
54) High—level ac

These gains are summarized in Figu-e 25. along with the
fréquency components containec in the output signal.

APPLICATIONS INFORMATION

Double sideband suppressed carie- modulation is the
basic application of the MC1486. The suggested dircuit for
this application is shown cn the front pace of this cata sheet.

In some appilications, it may be necessary to operate the
MC1496 with a single dc supply voltage instead of dual
supplies. Figure 26 shows a balancec modulator designed
tor operation with a single 12 Vdc supply. Performance of this
circuit is sirilar to that of the dual supply moculator.

AM Modulator
"The circuit shown in Figure 27 may be used as an
amplituce mocuiator with a minor mociication.

'
)

All that is “ecuired to shift from suppressed carrier to AM
operation is to agjust the cariier null potentiometer for the
proper amount of carrier inserion in the output sicnal.

However. the suppressec carrier null circuitry as shown in
Ficure 27- coes not have sufficient acjustment range.
Therefore, the moculator may be mocifiec for AM operation
by changing two -esistor values in the null circuit as shownin
Ficure 28.

Product Detector

The MC1426 makes an excellent SSB product cetector
(see Figure 28).

This procuct cetector has a sensitivity of 3.0 microvolts
ancd a dynamic range of 90 ¢B when operating at an
intermecdiate frequency of 9.0 MHz.

The detector is broadbanc for the entire hich frequency
range. For operation at very low intermediate frequencies
down to 50 kHz the 0.1 pF capacitors on Pins 8 and 10
shoulc be increased 1o 1.0 uF. Also, the output filter at Pin 12
can be tailored to a specific intermediate frequency and aucio
amplifier input impedance.

Asin all applications of the MC1496, the emitter resistance
between Pins 2 and 3 may be increased or cecreased to
acijust circuit gain, sensitivity, and cynamic range.

This circuit may also be used as an AM detector by
introcuding carrier signal at the carrier input and an AM signal
atthe SSB inpuf.

The carter signal may be cerived from the intermeciate
frecuency signal or generatec locally. The carrier signal may
be introcucec with or without moculation, proviced its level is
sufficiently hich {o saturate the upper quad Cdifferential

e e —
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Figure 30. Doubly Balanced Mixer

}
¥ {Broadband Inputs, 9.0 MHz Tuned Output) Figure 31. Low-Frequency Doubler
; Vee
Vee
X 10k 10k 34E0vde . 12Vee
% é 1.0k to 0
RFC g = = 25Vde 1.0k
¥ 4 2 3 3.9k
100 pH 8
4 39k
1.0ks ¢ p
100 10 6
0.001 pF 5ie ca, |° 0
5 - ut
_ somHz Inpw = 100MF o oiet MC1496 i
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S0k
& 65
L1 = 44 Tumns AWG No. 28 Enameled Wire, Wound r 4 = " 15
¥ on Micrometals Type 44-6 Toroid Core. EE =
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F
i Figure 32. 150 to 300 MHz Doubler
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OUTLINE DIMENSIONS

D SUFFIX
PLASTIC PACKAGE
CASE751A-03

(SO-14)
NOTES:
1

ISSUEF
. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
. CONTROLLING DIMENSION: MILLIMETER,
. DIMENSIONS A AND 8DO NOT INCLUDE
m 1 MOLD PROTRUSION,
4, MAXIMUM MOLD PROTRUSION 0.15 (0.006)
P7pL /-'"\ PER SIDE.
5. DIMENSION D DOES NOTINCLUDE DAMBAR
[@]0.250.010)®]B I PROTRUSION, ALLOWABLE DAMBAR

© 7 S PROTRUSION SHALL BE 0.127 (0.005) TOTAL
'n_m—m I I I I | | IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

==
==
==
==
==
==
-

_.IG l._ _J L_ MILLIMETERS | INCHES
_c Rxis e l‘— F DI { M| MAX | WM | MAX
A_| 85 | 875 | 0337 | 0344
F ] N\ B ] 380 | 400 | 0150 | 0.57
SSI=I=i=I=I=T: S Toou o
=] i rikuiiaiielinieks v ~- D | 035 | 049 | 0.014 | 0.019
SEATIXG I ;; M J F | 040 [ 125 [ 0016 {-0.049
PLANE = Dur 4 27 B5C 0,050 BSC
25(0.0100®|T1 8 A S [ 019 | 025 | 0.008 [ 0.009
IQ}IOZS(UO )®|1 ©I ©| K | 610 | 025 [ 0.004 | 0,009
i a1 7°] e°] 1°
P| 580 | 620 | 0278 | 0044
0.35 | 050 | 0010 | 0.019
P SUFFIX
PLASTIC PACKAGE
CASE 646-06
ISSUEL
NOTES:
AR 1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE
POSITION AT SEATING PLANE AT MAXIMUM
14 t } MATERIAL CONDITION,
2. DIMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL.
O 3. DIMENSION B DOES NOT INCLUDE MOLD
1 7 ‘ FLASH.
v LUJ v v V V Y 4. ROUNDED CORNERS OPTIONAL.
INCHES | MILLIMETERS
A DM WM | MAX | MIX | MAX
A [ 0715 | 0770 | 18,96 | 19.56
—pFle— B | 0240 | 0260 | 610 [ 660
C 0.5 | 0185 | 369 [ 468
[ D | 0015 | 00217 038 | 053
F | 0040 ] 0.070 | 14 18
G | 0.10085C 5165
052 | 0095 | 1. 4
008 1 0015 | 020 | 038
.15 | 0.936 | 292 | 343

0,300 BSC 7.62 BSC
0°] 10° 0°]  10°
0015 | 0039 | 039 | 101

I

v

®

V%

[w)
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General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an intemally timmed input ofiset voltage
(BI-FET IIT™™ tachnology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a last slew rate. In addition, well matched high voltage
JFET Input devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and uses the same ofiset voltage adjustment circuit-
ry. This leature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The LF351 may be used In applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input oliset voltage,
low input bias current, high input impedancs, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift, but for applications whers these requirements
are critical, the LF356 is recommended. Il maximum supply

&National Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

December 1995

current Is Important, however, the LF351 is the better
choice.

Features

=B Internally trimmed offset voltage 10 mVv
= Low input blas current 50 pA
® Low input noise voitage 25 nV/{Hz
2 Low input noise cument 0.01 pA/fo—z
® Wide gain bandwidth 4 MHz
& High slew rate 13 V/us
a Low supply current 1.8 mA
m High input Impedance 10120
m Low total harmonic distortion Ay=10, <0.02%

Ry =10k, Vo =20 Vp-p, BW =20 Hz-20 kHz

m Low 1/f noise comer 50 Hz
B Fast settling time to0 0.01% 2 ps

Typical Connection

Vet

TL/H/5648=11

Connection Diagrams

Dual-In-Line Package

Simplified Schematic

Yee ©

Yo

INTERNALLY
TRINMED

INTERNALLY
TRIMMED

Ve ©
TL/H/564B=12

1
BALANCE —

. 4
Y —

-/

2
INPUT =
3 3
INPUT — — OUTPUT

5
—— BALANCE

Order Number LF351M or LF351N
See NS Package Number MOBA or NOSE

TL/H/5648-13

©1995 National Semiconductor Corporstion.  TL/H/5648
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Oftfice/Distributors for availability and specifications.

Supply Voltage =18V
Powaer Dissipation (Notes 1 and 6) 670 mW
Operating Tempaerature Range 0°Cto +70°C
Tj(M AX) , 115°C
Dilferantial Input Voitage =30V
Input Voltage Range (Note 2) =15V
Output Short Circuit Duration Continuous

Storage Temperature Range ~65°Cto +150°C

Lead Temp. (Soldering, 10 sec.)

[/

1‘\N Package 120°C/W
M Package T8D
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Rellability” for other methods of soldering sur-
face mount devices.

ESD rating to be determined.

Matal Can
DiP

300°C
260°C

DC Electrical Characteristics (Note 3)

3
|  Symbol Parameter Conditions TRag] Units
Min Typ Max

L Vos Input Offset Voltage Rg =10k, T4 = 25°C 5 10 mv
' Over Temperature 13 mV
é AVos/AT Average TC of Input Offsat Rs=10kQ 10 VG
N Voltage
3
! los Input Offset Current Tj = 25°C, (Notes 3, 4) 25 100 pA
i T)<70°C 4 nA
P lg input Bias Curment T, = 25°C, (Notes 3, 4) 50 200 pPA
k Tj< 270°C 8 nA
P
' Ry Input Resistance Tj=25°C 1012 0
" Avol Large Signal Voitage Gain Vg= %15V, T =25°C 25 100 V/mvV
¥ Vo= =10V, R =2k
o Over Temperature 15 V/mV

Vo Qutput Voltage Swing Vg= +15V, R =10k *12 +13.5 \
3
 Veum input Common-Mode Voltage +15 \
X Range s Vg=+15V =11
# =12 A
' CMRR Common-Mode Rejection Ratio Rg< 10k 70 100 dB
i +PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
i Jls Supply Current 1.8 3.4 mA
E
I
H
4
2
i.
:
|3
&
; 2
)
F oy
¥
3
¥
L]
§

o M o s
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AC Electrical Characteristics (Note 3)

e

Symbol Parameter Conditions LF3s1 Units
Min Typ Max

SR Slew Rate Vg= =15V, Tp=25C 13 V/ius

GBW Gain Bandwidth Product Vg= =15V, Tp=25'C 4 MHz

on Equivalent input Noise Voltage Ta=25'C, Rg=100Q, —_—
f= 1000 Hz 25 nv/yHz

in Equivalent Input Noise Current Tj=25°C, [=1000 Hz 0.01 pA/VHZ

Note 1: For operating at elevated temperature, tha dovice must be derated based on the thermai resistance. A

Note 2: Unless otherwise specified the ‘ dm gative input voltage is equal to the negative power supply voltage.

Note 3: These spedifications apply for Vg = £ 15V and 0°C<Ta < +70°C. Vs, Ig and Igg are measured at Vey=90.

Note 4: The input bias currents are [unction leakage curments which appraximately couble for avery 10°C increase in the junction temperature, T Due to the limited
proguction test tma, the input bias curTents measureg are correlated to junction tamperatura. in normal operation the junction temperature rises above the ambient
temperature as a result of intemal power disspation. Pp. Tj=Ta v 8ja Fp where 6 is the thermal resistance from junction to ambient. Usa of a heat sink is
recommanaed If input bias current is to be kept to 8 minimum, N

Note 5: Supply voitage rejection ratio is measured for both supply magnitudes increasing or ecreasng si
15V to BV,

Note 6: Max. Power Dissipation is dafined by the package characteristics. Operatirg the part near the Max. Power Dissipation may cause the part to operate
outside guarantaeq limits.

n with practice. From
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Typical Performance Characteristics

Input Bias Current Input Bias Current Supply Current
pply
- N " et
108 |-vge 118V [~Veme«s $Tagve
' = }.Ta»25°C z [~ Vg 18V ) S S 4 - 1
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F4 2 o a
E z 14
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E s " 12
-1 -5 [ s 10 R . I R T s s s w8
] COMMON-M00E VOLTAGE (v} TEMPERATURE IC) SUPPLY VOLTAGE 2V
*
f Positive Common-Mode Negative Common-Mode
i Input Voltage Limit Input Voltage Limit Positive Current Limit
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Typical Performance Characteristics (continued)

UCISTORTION (X)

~BES-8z5¢
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Distortion vs Frequency
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Pulse Response

Small Signal Inverting

QUTPUT VOLTAGE SWING (50 mv/0IV)

TL/H/5648-4

OUTPUT VOLTAGE SWING (5V/DiV)

TIME {0.2 4s/DIV)

B
a
£
>
z
=
=
wh
Q.
<
-
e
o
2 ;
-
>
B
=
o
=)

TL/H/5648-6

Application Hints

The LF351 is an op amp with an internally trimmed input
offset voltage and JFET input devices (BI-FET [IT™). These
JFETSs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therafore, large differsntial input voltages can easily
be accommodated without a large increase in input current.
The maximum differsential input voltage is independent of
the supply voltages. However, neither of the input voitages
should be allowed to exceed the negative supply as this will

Current Limit (R = 100Q)

5

TIME (5 us/DIV)

Small Signal Non-inverting

OUTPUT VOLTAGE SWING (50 mV/DIV)

"~ TIME (0.2 us/DIV)
TL/H/5648-5
Large Signal Non-Inverting

OUTPUT VOLTAGE SWING (6V/DIV)

TIME (0.2 us/DIV)
TL//5648-7

TU/H/5648-8

cause large currents to {low which can result in a destroyed
unit.

Exceeding the negative common-modae limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output.

Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the
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Application Hints (continued)
common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.
Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
lorced to a high state.
The amplifier will operate with a common-mode input volit-
age equal to the positive supply; howsever, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voitage swings to within
3V of the negative supply, an increase in input offset voitage
may occur.
The LF351 is biased by a zener reference which allows nor-
mal circult operation on >4V power supplies. Supply volt-
ages less than these may result in lowsr gain bandwidth and
slew rate.
The LF351 will drive a 2 kL load resistance to =10V cver
the full temperature range of 0°C to + 70°C. If the amplifier
is forced to drive heavier load currents, however, an in.
crease in input offset voitage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.
Precautions should be taken to ensura that the power supply
for the integrated circuit never becomas reversed in polarity
or that. the unit is not inadvertently installed back-

Detailed Schematic

wards in a socket as an unlimited current surge through the

rasulting lorward diode within the IC could cause fusing of

the internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead

dress, component placement and supply decoupling in or-

der to ensure stability. For example, resistors from the out-

put to an input should be placed with the body close 1o lhe
input 1o minimize “pick-up” and maximize the irequency of
the feedback pole by minimizing the capatitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier Is resistive. The parallel resistance and capaci-
tance from the input of the davice (usually the inverting in.
put) to AC ground set the frequency of the pole. In many
instances the frequency ol this pole is much greater than
the expected 3 dB Irequency of the closed loop gain and
consequenlly there Is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a !ead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitorsand the resistance it parallels
is greater than or equal to the original {eedback pole time
constant.

Vee O A
a1
n
012
L [t}
a
a1s "
RS
p 3]
a7 —OVvy
as
S RS
R "
e L (1]
200
as
as
b
>
om
>
02 9 B a8 03
i}

TL/H/5648-9
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Typical Applications

Supply Current Indicator/Limiter

Rg
. o TOSYSTEMSUPPLY
YsurrLy O——AAA ¥ VOLTAGE CONNECTION

1NH14 s You

T
T0 CONTROL CIRCUITRY

v
« Vour switches high when Rgls > Vp

Ultra-Low (or High) Duty Cycle
Pulse Generator

Hi-Zjy inverting Amplifier

Paragtic input capacitance C1 = (3 pF for LF351
plus any additional layout capactanca) interacts
with feecback elements and creates uncasirable
high frequency pola. To compensata, ada C2 such
that R2C2 = RIC1.

Long Time Integrator

IN918 Rt v
RESET
—-——-—
INTEGRATE 0 cyaygs , b
[
~g
3
Vit O—AAA—4
v 1
b—O Vour = 7z f Vin 0IT
“
™
v
- 48 — 2Vg
* touTPuT HiGH = AIC /0~ Ve
- 2Vg =78 TL/H/5648-10
* touTPuT Low = A2C /0 Vg — 7.8 *Low Isakage capacitor
where Vg = V+ + V=1 = 50k pot used for less sensitive Vog adjust
“low leakage capacitor
8
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Physical Dimensions inches (millimeters)

8.728-0.197
T4.900-5.004)
s 1 6 s
A
0.228~0.244
{5781-%.150)
! 0.310 yux
—) sy
LEAD ND. 1 3 n
10ENT »
0.150- 0,157
i FEYTREET
0810-0.020 _ 4 i g— (:.gs%‘l%
{0254 - 0.508) ALY Y 0.004-0.010
B ALLLEADS v {.102-0.254)
|
b _ N == T
T 0004 # ) f 4 i F e
0006 0010 P ' 20 e 0.014-0.024
o ALLLEAD TIPS 015 0. 0356 o O -0.0% yyp
L et " (: .".:_?m. 939 i o) 10356 =0.508)
/ £ e 0.008 yyp
TP AEENS {0.203) e ey
SO Package (M)
Order Number LF351M
NS Package Number MOSA
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LF351 Wide Bandwidth JFET input Operational Amplifier
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Physical Dimensions inches (milimsters) (Continued)

0.373- 048
o710
0.008
D
s .01 (5101 1 0.032 4 4.008 3
. 2330 S oy . 10.81320.927)
T @ Y 02500008 o
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cemoN1 |° S
DU [2) ] o
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used hersin:

2 A critical component is any component of a life
support device or system whose failure to perform can
be reasanably expected to cause the failure of the life
support device or system, or to affect its salety or
sifectiveness.

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain lile, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to resuit In a significant injury

to the user.

Nafional Samiconductor National Semiconductor

- e o

o e M

Nstional Semiconductor National Ssmiconduetor

Corporation Euwrepe Hong Kong Lid. Japan Lid

1111 Wesi Sardin Road Fac (+49) 0-180-530 85 86 13h Foor, Swraight Block, Tet §1.043-200.2309
Arfington, TX 76017 Emad: cnjwge @ levm2.nsc.com Ocean Centre, 5 Canton Ad. Fax 81.043-299-2408
Tet; 1(800) 272.9959 Deutsch Tek: (+49) 0-180-530 85 85 Tsimshatsui, Kowloon

Fax 1(300) 737-7018 English Tel: (+48) 0-180-532 78 32 Hong Kong
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Tek (852) 2737-1600
Fax: (852) 2736-9060
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XR-2206

Monolithic Function Generator

GENERAL DESCRIPTION FUNCTIONAL BLOCK DIAGRAM
The XR-2206 is a monolithic function generator inte-
grated circuit capable of producing high quality sine, [XR-2206 \J
square, triangle, ramp, and pulse waveforms of high-stability AM E E
and accuracy. The output waveforms can be both amplitude INPUT SYMMETRY
and frequency modulated by an external volitage. Frequency ~~OR A E_Q‘—- *E Aj.
of aperation can be selected externally over a range of 0.01 ouTPuT MULTIPLIER
U
Hz to more than 1 MHz. P E sm% _E
SHAPER ' WAVEFORM
. | The circuit is ideally suited for communications, instiru- / ADJ.
= | mentation, and function generator applications requiring o E ~E _I
i sinusoidal tone, AM, FM, or FSK generation, [t has a typical
drift specification of 20 ppm/°C. The oscillator frequency NG [:— E GROUND
can be linearly swept over a 2000:1 frequency range, with CAPACITOR SYNG
i an external control voltage, having a very small affect on E— E OUTPUT
distortion,
{7 TIMING [Z——-l 3 E BYPASS
AESISTORS CURRENT
. E— SWITCHES E] rggm
FEATURES
]
Low-Sine Wave Distortion 5%. Typical
R Excellent Temperature Stability 20 ppm/°C, Typical
Wide Sweep Range 2000:1, Typical
i Low-Supply Sensitivity 0.01%V, Typicat
. Linear Amplitude Modulation
I | TTL Compatible FSK Controts ORDERING INFORMATION
Wide Supply Range 10V 10 26V
: Adjustable-Duty Cycle 1% to 98% - Part Number Pacleage Operating Temperature
XR-2206M Ceramic -55°C 10 +125°C
XR-2206N Ceramic 0°C to +70°C
XR-2206P Plastic 0°C 10 +70°C
APPLICATIONS XR-2206CN Ceramic 0°C 10 +70°C
I XR-2206CP Plastic 0°C 10 +70°C
. Waveform Generation
4 Sweep Generation
AM/FM Generation SYSTEM DESCRIPTION ,
. V/F Conversion i
; FSK Generation The XR-2206 is comprised of four functional blocks; a
Phase-Locked Loops (VCO) voitage-controiled oscillator (VCO), an analog multiplier
4 and sineshaper; a unity gain buffer amplifier; and a set
3 of current switches. ‘
. ABSOLUTE MAXIMUM RATINGS The VCO actually produces an output frequency porpor- f
! . ] tional to an input current, which is produced by a'resistor |
[ Power Supply % 77~ T © = 26V -| - from the timing terminals to ground. The current switches #-{-
; Power Dissipation . - 750 mW route one of the timing pins current to the VCO controlled : |-
; Derate-Above 25°C ~ 5mW/°C | by anFSK input pin, 10 produce an output frequency. With, = |!
[ - Total T'(mmg Current f‘a&.‘? P e 6 MA .5 §two timing pins, two-dlscrete Loutput, frequencxes can, be t
A5 ‘:Storage Ternperature— A e s v -65 Cto +150 C‘.«: - mdependently produced for FSK Generatxon Apphcatlons., J.’li
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XR-2206

ELECTRICAL CHARACTEBISTICS
4 Test Conditions: Test Circuit of Figure 1, v¥=12v, Ta = 25°, C=0.01 pF, Ry =100kQ,Ry=10 kQ,Ry3=25 kQ
i uniess otherwise specified. $; open for triangle, closed for sine wave.
: . XR-2206M XR-2206C
14 PARAMETER MIN. [ TYP. [ MAX. MIN. | TYP. | MAX. UNIT CcONDITIONS
GENERAL CHARACTERISTCS
»Single Supply Voltage 10 26 10 26 v
Solit-Supply Voltage 5 +13 =5 =13 \
Sbeply Current 12 17 14 20 mA Ry > 10kQ
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 0.5 1 MH2z C=1000pF, Ry =1kQ
Lowest Practical Frequency 0.01 0.01 Hz C=50ufF, Ry =2MQ
Frequency Accuracy +1 4 =2 % of fg o = 1/R1C
*| Temperature Stability =10 +50 +20 ppm/°C 0°C< To<75°C.
Ry =R =20kQ
Supoly Sensitivity 0.01 0.1 0.01 %/V Viow = 10V, VHIGH = 20v,
: Ry =Rp=20kQ
Sweep Range 1000:1 | 2000:1 2000:1 fu=f_ | fr@R=1kQ
) fL@ R =2MQ
Eweep Linearity
10:1 Sweep 2 2 % fi_ = 1 kHz, fiy = 1Q kHz
1000:1 Sweeo 8 8 % =100 Hz, fq = 100 kHz
FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timing
Components
Timing Capacitor: C 0.001 100 0.001 100 uF See Figure 4.
Timing Resistors: 1 & Ry 1 2000 1 2000 kQ
Triangie Sine Wave Qutput See Note 1, Figure 2.
Triangle Amplitude 160 160 mvi/kQ Figure 1, S; Open
Sine Wave Amplitude 40 50 g0 60 mV/k Figure 1, S7 Closed
Max. Output Swing 6 6 Vp-p
Qutput impedance 600 600 Q
Triangie Linearity 1 1 %
Amptitude Stability 05 0.5 dB8 For 1000:1 Sweep
Sine Wave Amplitude Stability 4800 4800 ppm/°C See Note 2.
Sine Wave Distortion
Without Adjustment 25 . 2.5 % Ry =30kQ
With Adjustment 0.4 1.0 0.5 =18 % See Figures 6and 7.
Amplitude Modulation .
Input impedance 50 100 50 100 k€2
Modulation Range 100 100 %
Carrier Suppression 85 55 ds
Linearity 2 2 % For 95% modulation
Square-Wave Qutput
Amplitude 12 Voo Measured at Pin 11.
‘/ ~ Rise-Time i 250 nsec C = 10pF .
2 s > Fail Time 50 nsec Cg_ =10 pF
Saturation Voltage : © 02 0.4 iV
Leakage Current ¥ 0.1 20 A - i
FSK Keying Level {Pin 9) 08 14 24 v % See section on c.rwneomro:sp \
| Rofereren Sypasvottane £} 520 | ] 3% s 5] MmO snpepe
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Figure 9:

Circuit Connection for Frequency Sweep.
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Figure 10: Circuit for Sine Wave Generation without
External Adjustment. {See Figure 2 for
Choice of Rs.)

Figure 12: Sinusoidal FSK Generator.

Figure 11: .Ciru-.xit for Sine Wave Generation with. =
. Minimum Harmonic Distortion. (Rg .. .,
" Determines Output Swing — See Figure 2.)
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' Frequency-Shift Keying: With External Adjustment: -}
The -XR-2206 can be operated with two separate timing The harmonic content of sinusoidal cutput can be reduced
resistors, ‘Fﬁ and Ry, connected to the timing Pin 7 and 8, to =0.5% by additional adjustments as shown in Figure 11.
respectively, as shown in Figure 12. Depending on the The potentiometer, Ry, adjusts the sine-shaping resistor,
pola'}ity of the logic signal at Pin 9, either one or the other and Rg provides the fine adjustment for the waveform
of these timing resistors is activated. if Pin 9 is open- symmetry. The adjustment procedure is as follows:
circuited ar connected {o a bias voltage =2V, only By is
r| activated. Similarly, if the voltage level at Pin 9 is <1V, 1. Set Rg at midpoint, and adjust Ry for minimum
only Rp is activated. Thus, the output frequency can be distortion,

*| keyed between two levels, f; and f?_, as:
2. With Rp set as above, adjust Rpg to further reduce

f1=1/RyCand fy = 1/R,C distortion.

For split-supply operation, the keying voltage at Pin 9 is
referenced 1o V™,

4 Triangle Wave Generation

Output DC Level Control: The circuits of Figures 10 and 11 can be converted to
triangle wave generation,. by simply open<ircuiting Pin 13
and 14 (i.e.. S open). Amplitude of the triangle is approxi-
mately twice the sine wave output,

The dc level at the output (Pin 2} is approximately the
same as the dc bias at Pin 3. in Figures 10, 11 and 12, Pin 3
. | is biased midway between V* and ground, to give an
output dc level of =V 7*/2,

-

" FSK Generation

Figure 12 shows the circuit connection for sinusoidal FSK

E signal operation. Mark and space frequencies can be inde-
' péndently adjusted, by the choice of timing resistors, Ry
! and R2; the output is phase-continuous during transitions.

APPLICATIONS INFORMATION The keying signal is. applied to Pin 9. The circuit can be
E ; S converted to split-supply operation by simply replacing
H ground with V-,

Sine Wave Generation

\ Without External Adjustment: .

Figure 10 shows the circuit connection for generating a
*| sinusoidal output from the XR-2206. The potentiometer,
' Ry at Pin 7, provides the desired frequency tuning, The
maximum output swing is greater than V*¥/2, and the
‘| typical distortion (THD} is <2.5%. If lower sine wave

} distortion is desired, additional adjustments can be provided generation. In this mode of operation, the FSK keying ter-
v | asdescribed in the following section. minal (Pin 9} is shorted to the square-wave output (Pin 11),

’ and the circuit automatically frequency-shift keys itself
between two separate frequencies during the positivegoing |-
b The circuit of Figure 10 can be converted to split-supply and negative-going output waveforms. The pulse width and;

Puise and Ramgp Generation

Figure 13 shows the circuit for pulse and ramp waveform

L4

g '| operation, simply by replacing all ground connections with duty cycle can be adjusted from 1% to 99%. by the chq;cez
« V. For split-sypply operation, R3 can be directly connected of Ry and Ry. The values of Fﬁ and F{zfshould be nrl,\‘.hc»
2| toground. NPT .rangeof 1kQto 2 Mﬂ ;
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Figure 3:

Supply Current versus Supply Voltage,
Timing, R.

Figure 7:

Sine Wave Distortion versus Operating
Fraquency with Timing Capacitors Varied.
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5 PRINCIPLES OF OPERATION
Description of Cantrols

Frequency of Operation:

The frequency of oscillation, #,, is determined by the
external timing capacitor, C, across Pin 5 and 6, and by the
| timing resistor, R, connected 10 either Pin 7 or 8. The fre-
quency is given as: :

£ o
o= RC Hz

and can be adjusted by varying either R or C. The recom-
mended values of R, for a given frequency range, are shown
in Figure 4, Temperature stability is optimum for 4 kQ <
R < 200 k 2. Recommended values of C are from 1000 pF
o0 100 uF.

Frequency Sweep and Modulation:
Frequency of oscillation is pronortional to the total timing
current, It, drawn frem Pin 7 or 8:

32011 (mA)

QLN L

f=
Timing terminals (Pin 7 or 8) are low-impedance paints,
and are internally biased at +3V, with respect to Pin 12,
Frequency varies linearly with I+, over a wide range of
current values, from 1 uA to 3 mA, The frequency can
be controlled by applying a conuol voltage, Vi, to the
activated timing pin as shown in Figure 9. The frequency of
oscillation is related to V- as:

XR-2206

where \( is in volts. The voltage-to-frequency conversion
gain, K, is given as:

K = 3f/aVe = - S22 Hav

Rcc
CAUTION:" For safe operation of the circuit, I should be
limited 10 €3 mA.

QOutput Amplitude:

Maximum output amplitude is inversely proportional to the
external resistor, Ry, connected to Pin 3 (sze Figure 2). For
sine wave output, amplitude is approximately 60 mV peak
per k{2 of Ry; for triangle, the peak amplitude is approxi-
mately 160 mV peak per kQ of R3. Thus, for example,
R3 = 50 k  would produce approximately 3V sinusoidal
output amplitude.

1l Amplitude Modulation:

Qutput amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance at
Pin 1 is approximately 100 k2. Output amplitude varies
lineariy with the applied voitage at Pin 1, for values of dc
bias at this pin, within 4 volts of V*/2 as shown in Figure
5. As this bias level approaches V*/2, the phase of the
output signal is reversed, and the amplitude goes thréugh
zero. This property is suitable for phaseshift keying and
suppressed-carrier AM generation. Total dynamic range of
amplitude modulation is approximately 55 dB.

CAUTION: AM contral must be used in conjunction with
a well-regulated supply, since the output amplitude now

1 R \% .
= — Jhef]- 2L +
f AC 1+RC(1 3 V Hz becomes a functionof V™.
E .
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